Introduction
Soon after the hypocentral depth distributions of intermediate depth and deep earthquakes started to be analyzed in terms of subduction zone geometry, it appeared that several subduction zones exhibit a clear gap in seismicity in the depth range of about 100 to 300 km. Most notable among these is the New Hebrides zone [see Molnar, 1969, 1971] . Explanations for such seismicity gaps can be summarized as follows' either the conditions within the subducting slab, in particular stress level and/or rheology, preclude the generation of earthquakes [see Wortel and Vlaar, 1988] or the seismicity gap is an expression of a real gap in the slab structure.
Clearly, high-quMity information on the structure of sub ducted lithosphere would allow an assessment of the validity of the latter explanation. Such information recently became available for some interesting regions of plate convergence, in the form of a detailed threedimensional (3-D) P wave velocity model for the litho- determined by seismic tomography [Spakman, 1988 [Spakman, , 1990 [Spakman, , 1991 and P wave velocity and Q structure of the upper mantle for the New Hebrides region [Chatelain el al., 1992] . For both regions the structural information shows strong evidence for discontinuities in the descending slab, which were proposed to be the result of detachment (separation and sinking) of the lower parts of the slab [ Wortel and Spakman, 1992; Chatelain et al., For the Hellenic (Aegean) subduction zone, the studies by $pakman et al. [1988, 1993] [see Spakman, 1990] provide strong evidence for the existence of an interruption of the high-velocity slab in parts of the subduction zone, indicating that slab detachment has occurred in the depth range of 100-250 km. The geometry of the gap led Wortel and $pakman [1992] to interpret the structure in terms of a slab detachment process migrating in the strike direction of the convergence zone. This postulated process is referrred to as "lateral migration In the Hellenic zone, at depths of 95 km and 195 km the tomography results show a continuous belt of high-velocity anomalies extending from the northwest (from the northern end of the Adriatic Sea) along the Dinarides to the southeast where a prominent anomaly is found below and just north of Crete. These highvelocity anomalies are considered to be the image of subducted lithosphere [Spakman el al., 1988; Spakman, 1990 ]. This interpretation is warranted in view of the correspondence between high velocity anomalies and intermediate-depth and deep earthquake zones in other parts of the Mediterranean (Tyrrhenian Sea, southern Spain) and by extensive numerical modeling of geological reconstructions of the region [de Jonge el al., 1993]. Around a depth of 145 kin, however, the high-velocity anomaly is only found in the Aegean region. Thus below Crete the subducting slab appears to be continuous (down to at least 600 kin, as shown by Spakman et al. [1993] ), whereas to the northwest (underneath the Dinarides), the tomography results point to the presence of a gap in the slab. Wortel and Spakman [1992] hypothesize that this geometry came into existence by a tear, originally present in the northwestern part of the plate convergence zone, which expanded laterally toward the southeast. The slab detected by seismic tomography Figure 2 shows our 3-D finite element model from the Earth's surface down to a depth of 700 km. We adopted isoparametric hexahedron elements with eight nodes [Zienkiewicz and Cheung, 1967] . The total number of the finite elements (thick lines) and unknown nodal displacements are 5616 and 19,950, respectively. For the solver, we used the wave front direct solution method [Irons, 1970] to reduce core memory usage on the computer. Figure 3a represents the geometry of the subducted slab in the modeling space shown in Figure 2 . Here, we consider a general slab to investigate the state of stress within the slab associated with the slab detachment.
We assumed that a planar slab with a width of 230 km in the strike direction, a dip of 65 ø, and a uniform thickness of 100 km is subducting to a depth of 600 km. The thickness of the overriding continental lithosphere is assumed to be 90 km. To investigate the state of stress associated with slab detachment, we introduced a small initial tear with a uniform width of 10 km from one side of the slab at a depth of about 125 km. It should be noted, however, that throughout this paper we deal with neither the formation process of the initial tear nor realistic propagation of the tear along the strike of the slab.
We constructed a finer finite element mesh in the vicinity of the tip of the tear, where large stress concentration is expected to occur. The overriding continental lithosphere, the slab, and the surrounding upper mantle (all of which are assumed to be isotropic) are 
Force Distributions on Subducted Lithosphere
As the probable forces acting on the subducting lithosphere, gravitational negative buoyancy (slab pull), ridge push force, negative and positive buoyancy accompanying phase changes from olivine to spinel at 400 km depth and spinel to perovskite and magnesiowtistite at 670 km depth, interplate friction at the subduction zone, viscous drag from the surrounding mantle, and viscous resistance forces or hydrodynamic pressure acting on the leading edge of the slab have been proposed [e.g., grid size. We assumed a perfect elasti• body for the material of infinite domain elements (Table 1) Directions of the maximum and minimum principal stress axes within the slab due to the slab detachment. Before describing the calculated directions of stresses, we briefly describe how we express and display them. In this paper, we define the minimum and maximum principal stresses depending on the arithmetic magnitude, not absolute value, and take compressive and tensile stresses as negative and positive values, respectively. We project the two principal stress axes on a lower hemisphere of the Wulff net, together with two planes bisecting the angle between these two stress axes. This representation is similar to the fault plane solution of an earthquake with the P (minimum principal) and T (maximum principal) axes and the two nodal planes.
First, we consider the effects of the length of the initial tear on the directions of the principal stress axes. Observed state of stress along the downdip direction of the slab in the northwestern Pacific region by Zhou [1990] shows that a distance of transition from downdip tension to downdip compression is short (less than 150 kin) and downdip compression with •___1 is dominant in the deeper portion of the slab for more than 300 km. However, such dominance of downdip compression in the deeper part of the slab is not recognized in our models, in which we assumed that the amount of the shear stress r• acting on the upper, lower, and side boundaries of the slab is the same as that of the updip stress r• acting on the bottom of the slab. Therefore the updip stress would be considerably larger than the shear stress for real subducting slabs. There is also a possibility that the body force due to the phase change at a depth of 400 kin, which is not considered in our model, might contribute to dominance of downdip compression in the deeper part of the slab.
In our models, except for force 1, there exists a depth range in which downdip tension is dominant locally at In our model, we assumed that the rheology of the slab is represented by standard linear solid. We can also obtain nearly the same results for the case of the elastic or the Maxwell body. However, one to two orders higher viscosity must be given for the Maxwell body, in which the stress tends to dissipate easily.
We assumed a perfect elastic body for the material of infinite domain elements (Table 1) 
Conclusions
We have investigated the spatial and temporal state of stress induced by slab detachment using a threedimensional finite element method. Significant results obtained from our modeling are as follows:
The state of stress in the subducted lithosphere depends on the distribution of forces exerted on the slab. In general, downdip tension is promoted by a concentration of resistive forces in the shallow parts of the subduction zone, e.g., shear stress along the plate contact between subducting plate and overriding plate FF. 
